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The turbocompressor (1) comprises an 
outwardly gas-tight housing (6) within which an 
electric motor (2) and also a multistage radial 
turbocompressor (3) are arranged on a common shaft 
(13) wherein, for the joumalling of the shaft (13), 
electromagnetic radial bearings (5) are arranged spaced 
apart in the direction of its extent and wherein a gas 
seal (19) surrounding the shaft (13) is arranged 
between the electric motor (2) and the radial 
turbocompressor (3) in order to seal off the electric 
motor (2) with respect to the radial turbocompressor (3) 
, wherein the electric motor (2) has an inner space (9b, 
9c) which is connected in fluid conducting manner to an 
outlet opening (6h; 21) which passes through the 
housing. 
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also a multistage radio! turbocompi'essor (3) are ananged on a coimnon shaft (13) wlierein, for the jounialling of 
the shaft (13), electromagnetic radial bearings (5) are aaanged spaced apart in the direction of its extent and wherein 
a gas seal (19) siinounding the shaft (13) is arranged between the electric motor (2) and ±e radial turbocompressor 
(3) in order to seal off the electric motor (2) with respect to the radial turbocompressor (3), wherein the electric motor 
(2) has an inner space (9b, 9c) which is connected in fluid conducting manncT to an ouUcl opening (6h, 21) 
which passes througli the housing. 
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Abstract of Disclosure: 

The turbocompressor (1) comprises an outwardly gas-tight housing (6) 
within which an electric motor (2) and also a multistage radial 
turbocompressqr (3) are arranged on a common shaft (13) wherein, for 
the joumalling of the shaft (13), electromagnetic rstdial bearings (5) are 
arranged spaced apart in the direction of its extent and wherein a gas 
seal (19) surrounding the shaft (13) is arranged between the electric 
motor (2) and the radial turbocompressor (3) in order to seal off the 
electric motor (2) with respect to the radial turbocompressor (3), 
wherein the electric motor (2) has an inner space (9b, 9c) which is 
connected in fluid conducting manner to an outlet opening (6h; 21) 
which passes through the housing. 



(Fig. 4) 
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SqImt Tmbo, CH-8005 Zttrich (Switserlaiid) P.7026 

Turbocompressor 

The invention relates to a turbocompressor in accordance with the 
preamble of claim 1 . 

A turbocompressor is known which comprises a radial turbocompressor 
and an electric motor^ with each of these units being arranged in a 
separate housing and with the shaft of the electric motor being coupled 
to the shaft of the radial turbocompressor via a flCTdble shaft part. 

Disadvantageous in this known turbocompressor is the fact that the 
latter is designed to be rather large, that a plurality of seals and 
bearings is required and that the manufacturing costs of the 
turbocompressor are therefore relatively high. 

The document DE 27 29 486 CI discloses in Fig. la a turbocompressor 
which includes two two-stage radial turbocompressors and also an 
electric motor, with these being coupled to a rigid shaft which is 
joumalled at three positions with magnetic radial bearings. This 
embodiment has the disadvantage that the assembly is very 
complicated and diCELculti that this arrangement is suitable for an at 
most two-stage radial turbocompressor and that the turbocompressor 
has relatively high dissipation losses. 

The object of the present invention is to propose an economically more 
advantageous turbocompressor. 

This object is satisfied by a turbocompressor having the features of 
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claim 1. Subordinate claims 2 to 10 relate to further advantageousfy 
designed embodiments of the turbocompressor in accordance with the 
invention. 

The object is in particular satisfied with a turbocompressor comprising 
an electric motor, a multistage radial turbocompressor and also a 
common shaft, with a part section of the shaft being formed as the 
armuature of the electric motor and wherein a further part section of 
the shaft is formed as the rotor of the radial turbocompressor, with the 
rotor including a compressor shaft and also compressor wheels 
connected therewith, and wherein a plurality of magnetic radial 
bearings are arranged spaced apart in the direction of extent of the 
shaft for the joumalling of the shaft, and wherein a single 
electromagnetic radial bearing is arranged between the armature of the 
electric motor and the compressor wheel, and wherein the electric 
motor, the radial turbocompressor, the shaft and also the radial 
bearings, are arranged in a common housing sealed in gas-tight manner 
relative to the outside and wherein the housing consists of a plurality of 
part housings which can be fixedly connected together, the electric 
motor is arranged in one part housing and the radial turbocompressor 
in one part housing and the armature of the electric motor and also the 
rotor of the radial turbocompressor are connectable to form a common 
shaft via a coupling arranged between the armature of the electric 
motor and the compressor wheel. 

The object is furthermore satisfied in particular by a turbocompressor 
comprising an electric motor, a multiple stage radial turbocompressor 
and a common shaft, with a partial section of the shaft being designed 
as the armature of the electric motor, and with a further partial section 
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of the shaft being designed as the rotor of the radial turbocompressor, 
with the latter rotor comprising a compressor shaft and compressor 
wheels or impellers which are connected thereto, and with a plurality of 
electromagnetic radial bearings being arranged with spacing in the 
longitudinal direction of the shaft, with the radial bearings being 
supported on a common base element. 

The object is in particular further satisfied by a turbocompressor 
comprising a housing which is gas-tight towards the outside and within 
which an electric motor and also a multistage radial turbocompressor 
are arranged on a common shaft, wherein, for the joumalling of the 
shaft, electromagnetic radial bearings are arranged spaced apart in its 
direction of extent and wherein a dry gas seal surrounding the shaft is 
provided between the electric motor and the radial turbocompressor in 
order to seal off the electric motor relative to the radial 
turbocompressor, with the electric motor having an inner space which 
is connected in fluid-conducting manner with an outlet opening which 
passes through the housing. 

Fig. 1 shows a known turbocompressor which comprises an electric 
motor which is joumalled at both ends and a radial turbocompressor 
which is joumalled at both ends, with the shaft of the electric motor 
being coupled via a flexible shaft part to the shaft of the radial 
turbocompressor. 

An advantage of the turbocompressor in accordance with the invention 
is to be seen in that for the complete Joumalling of the entire shaft, in 
comparison with the exemplaiy embodiment in accordance with Fig. 1, 
three radial bearings, in particular designed as electromagnetic radial 
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bearings, suflice in that a single radial bearing is arranged between the 
electric motor and the compressor. The turbocompressor can thus be 
manufactured economically. 

The entire shaft can be designed in a single piece. In an advantageous 
embodiment the shaft of the electric motor as well as the shaft of the 
radial turbocompressor is connected via a coupling, in particular a 
coupling with as high a stifTness as possible. A very stiff coupling 
permits the design of a total shaft which has a largely homogeneous 
stlfiEness in the longitudinal direction of the shaft. The entire shaft or, 
respectively, the entire rotatable components of the turbocompressor 
behave thereby like a compact shafts which has a positive efiect on a 
stable running behavior of the turbocompressor. In addition this 
enables the entire shaft to be jouraalled in the axial direction with the 
help of a single axial bearing. In the embodiment known from Fig. 1 a 
separate axial bearing each is required for the electric motor and the 
radial turbocompressor. 

If a radial turbocompressor is arranged only at one side of the electric 
motor, then three radial bearings which are arranged to be spaced in 
the longitudinal direction of the shaft sufBce for the complete 
joumalllng of the entire shaft. If a radial turbocompressor is arranged at 
each side of the electric motor, then four electromagnetic radial 
bearings which are arranged to be spaced in the longitudinal direction 
of the shaft suffice for the complete joumalling of the entire shaft. 

Dispensing with a radial bearing between the electric motor and the 
radial turbocompressor has in addition the advantage that the length of 
the entire shaft is shorter, which is rotor-dynamically advantageous, 
enables the forming of a lighter shaft and yields a more compact 
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construction of the turbocompressor In addition. In this it should be 
considered that electromagnetic radial bearings have a substantially 
lower bearing load in comparison with hydrodynamic radial bearingSi so 
that the more advantageous rotor-dynamical behavior which is won 
through the shorter shail as well as the lower weight is of decisive 
importance in order to operate the turbocompiressor reliably and 
without disturbance by means of electromagnetic bearings. This aspect 
is in particular of importance for radial turbocompressors which 
compress a fluid to a high pressure of for example 600 bar, since in a 
fluid which is highly compressed to this extent a flow disturbance 
causes relatively large radial and axial forces which can be caught up 
by the electromagnetic bearing, which has only a limited load capacity, 
only when the rotor-dynamical behavior of the entire system is 
optimized. 

In a particularly advantageous embodiment the motor and the radial 
turbocompressor are arranged in a common, hermetically sealed off 
housing, in particular in a pressure housing, with a fluid conducting 
input and output line passing through the housing or being flanged 
onto the housing in order to conduct in and out the fluid to be 
compressed. This arrangement has the decisive advantage that no seals 
against the outside, in particular against the atmosphere, are required 
any longer at the shaft, which in addition to the cost advantage yields 
the further advantages that periods of disuse which are caused by 
sealing problems no longer arise, and that the total length of the shaft 
can additionally be reduced, which again increases the total weight of 
the shaft and the stability of the shaft which is held by electromagnetic 
bearings. 
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The radial turbocompressor with a pressure housing which is 
hermetically sealed off against the outside also permits the motor- 
compressor plant in accordance with the invention to be operated at 
sites which were previously unsuitable for the operation of a radial 
turbocompressor, for example under water or in an environment with 
high pollutant content, a high degree of contamination or a high risk of 
^plosion. 

A further advantage of the turbocompressor in accordance with the 
invention is to be seen in that the latter can also be operated very 
reliably by remote control. The turbocompressor has for example no 
elaborate oil ^stem for joumalling the armature. In addition no or only 
few seals are required. The turbocompressor therefore has no 
components, for the operation of which an expert is required on site, or 
components which require a regular checking at relatively short time 
intervals. A start and stop process of the turbocompressor can be run 
by remote control, with it being possible to remotely monitor the states 
of the turbocompressor by means of sensors; and suitable measures, for 
example a stopping, can automatically be initiated when an irregularity 
is detected. A turbocompressor in the embodiment with a hermetically 
sealed off pressure housing has the further advantage that the ri$k of 
disturbing influences acting from the outside is veiy low. 

In order to compress the fluid to a high final pressure it was previously 
required to provide the turbocompressor with veiy expensive diy gas 
seals, with these diy gas seals having in addition to the high price the 
further disadvantage that they require a considerable maintenance and 
in addition represent a risk component, considering that most of the 
unpredictable periods of disuse of a turbocompressor are caused by ' 



CA 0231208S 2000-06-21 



-7- 

damages to the diy gas seal. 

In a further advantageous embodiment a portion of the compressed 
fluid or process gas respectively is used for the longitudinal gas cooling 
of the motor and of the radial bearings. This is in particular 
advantageous in the use of a common, hermetically sealed off pressure 
housing A motor which is designed for suction pressure or standstill 
pressure is preferably used in this as the electric motor. In a further 
advantageous embodiment the electric motor has its own coolant 
circuit, which is separate from the radial turbocompressor. 

In an advantageous embodiment of the turbocompressor in accordance 
with the invention the latter has a common base element which is for 
example designed in the shape of a plate and on which some, preferably 
all radial bearings are supported. The arrangement of the radial 
bearings on a common base element has the advantage that the former 
are oriented in a definite position with respect to one another, and that 
the mutual displacements of the radial bearings which are caused by 
tension, compression or shear stresses or by temperature influences 
respectively can be kept to a minimum. A mutually precisely arranged 
orientation of the radial bearings is thus ensured at the most varied 
operating conditions. Advantageously, not only the radial bearings, but 
also the other elements such as the electric motor, the radial 
turbocompressor etc., are arranged on the base element. This enables 
an assembly of the turbocompressor as a finished total module at the 
manufacturing plant, also thanks not least to the compact construction 
of the turbocompressor in accordance with the invention. This module . 
can be put into operation at the site of the application vexy rapidly since 
it is no longer necessary to precisely anchor the radial turbocompressor 
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and the electric motor separately to a base and in so doing to set their 
mutual position precisely. In an advantageous embodiment the 
turbocompressor is arranged inside a housing, with a part of the 
housing, for example the inner wall of the housing which is arranged 
below, also forming the common base element at the same time. 

In an advantageous embodiment of the turbocompressor the radial 
turbocompressor and the motor are arranged in a common housing, 
with the housing consisting of a plurality of partial housings which can 
be connected to one another, or of a substantially single housing. 
Advantageously, the entire drive apparatus is arranged in one partial 
housing and the entire radial turbocompressor in a further partial 
housing, with these partial housings preferably being designed to be 
mutually matched in such a manner that they can be directly centered 
and mutually firmly connected. In an advantageous embodiment the 
common housing is stiffly designed such that the entire 
turbocompressor, comprising the radial turbocompressor, the motor 
etc., is mutually joumalled substantially without displacement by the 
common housing so that the common housing, for example is designed 
as a tube without external support or is designed to be supportable with 
only one to two supports on a base. This arrangement has the 
advantage that the possibility of stationary and/ or non-stationary 
displacements of the bearing locations are to the greatest extent 
prevented, for which reason a setting of the bearings on site is omitted, 
so that the manufacture' and the putting into operation of the 
turbocompressor takes place more economically. If in the common 
housing a slight dislocation of the individual shafts or, respectively, of 
the statically arranged parts of the motor or of the radial 
turbocompressor should nevertheless take place in the common 
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housing, then there is also the possibility of compensating this 
deviation thanks to the use of electromagnetic radial bearings. 

The turbocompressor which is known from Fig. 1 consists of a separate 
motor with its own housing and of a radial turbocompressor with a 
further, own housing. In this known arrangement the mutual movement 
of the housings or, respectively, the displacement of the individual 
shafts represents a considerable problem, which is caused by each 
housing being individually anchored at the base. Through different 
thermal expansions or other forces acting on the individual housings 
their position is changed. The arrangement in accordance with the 
invention of motor and radial turbocompressor on a common base 
element, in particular in a coimnon housing, has the advantage that the 
base element or the housing respectively forms the reference for the 
Joumalling and therefore a mutual variation of the position of motor 
and radial turbocompressor is largely excluded. 

The turbocompressor comprising a plurality of part housings has the 
advantages: 

- that the assembly of the full turbocompressor is very simple, 

- that one rotatable unit which can be separately balanced and weighted . 
is arranged in each part housing, 

• that each part housing with the rotatable unit located therein can also 
be obtained from different suppliers. In particular the electric motor and 
the radial turbocompressor can be drawn from different suppliers, 

- that the maintenance of the turbocompressor is simpler and more 
cost-favorable. 
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The invention will be explained in the following with reference to a 
plurality of exemplaiy embodimentSi with the same reference symbols 
relating to the same objects. Shown are: 

Fig. 1 a schematic arrangement of a known turbocompressor; 

Fig. 2 a longitudinal section of a turbocompressor with an 

electric motor and a radial turbocompressor; 

Fig. 3 a longitudinal section of a turbocompressor with radial 

turbocompressors arranged at both sides; 

Fig. 4 a further longitudinal section of a turbocompressor with 

radial turbocompressors arranged at both sides; 

Fig. 5 a longitudinal section through the Joint of two partial 

housings; 

Fig. 6 a longitudinal section of a schematically illustrated 

. housing consisting of three partial housings; 

Fig. 7 a longitudinal section of a turbocompressor with a 

separate cooling ^stem. 

Fig. 1 shows schematically a known turbocompressor 1^ which 
comprises a radial turbocompressor 3 with a shaft 3a and a driving 
electric motor 2 with a shaft 2a. The shaft 3a of the radial 
turbocompressor 3 is joumallcd at both ends by two radial bearings 5. 
The shaft 2a of the electric motor 2 is likewise joumalled at both ends 
by two radial bearings 5 each. The two shafts 2a, 3a are connected via a 
coupling 4 comprising two coupling parts 4a and a flexible intermediate 



CX 02312085 2000-06-21 



11 



piece 4b so that the electric motor 2 drives the shaft 3a of the radial 
turbocompressor 3 via the shaft 2a and the coupling 4. 



Fig. 2 shows a turbocompressor 1 which is arranged in a hermetically 
sealed off pressure housing 6, with one inlet line 6c and outlet line 6d. 
each passing through the pressure housing 6, being provided in order 
to connect the radial turbocompressor 3 in a fluid conducting manner 
to an apparatus which is arranged outside the pressure housing 6. The 
electric motor 2 comprises the armature 2b and the stator 2c, with the 
armature 2b being part of the motor shaft 2a and with the motor shaft 
2a being joumalled in the radial direction at both ends in the 
electromagnetic radial bearings 5, each of which comprises a support 
device 5a and an electromagnetic coil 5b. The motor shaft 2a has 
towards the radial turbocompressor 3 an axial bearing 7 which 
comprises a part of a disc 2d forming part of the motor shaft 2a and 
electromagnetic coils 7a, The motor shaft 2a is connected at its end 
section via a coupling 4 to the rotor 3a of the radial turbocompressor 3, 
with the oppositely lying end section of the rotor 3a being joumalled in 
a radial bearing 5. The motor shaft 2a and the rotor 3a form a common 
shaft 13. In the longitudinal direction of the rotor 3a two impellers 3d 
are arranged which form a first compressor stage 3c and a second 
compressor stage 3d. Not illustrated are the guide vanes 3f of the radial 



turbocompressor 3.|^f| 

le^iOTmvto^a^gasf^ 

is then conducted 

to the second compressor stage 3d and then via the outlet line 6d to the 
outlet opening 6b. A small fraction of the main mass flow 8 is diverted 
at the outlet of the first compressor stage 3c via a connection line 1 1 
and is by-passed as a coolant gas mass flow 9 to a filter apparatus 10 
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which cleanses the coolant gas mass flow 9 of contaminations and feeds 
in the purified coolant gas mass flow 9 as a coolant to the 
electromagnetic radial bearings 5 and to the electric motor 2. In the 
illustrated exemplaiy embodiment the coolant gas mass flow 9 is fed in 
to the radial bearing 5 flowing in the longitudinal direction of the 
housing and then to the electric motor 2 as well as to the further radial 
bearing 5, with the coolant gas preferably being conducted between the 
shaft 2a and the respective magnet 5b, 2c. The coolant gas mass flow 9 
opens to the suck-in side of the first compressor stage 3c» is in turn 
compressed by the latter and is forwarded on as main mass flow 8 
and/or as coolant gas mass flow 9. The connection line 1 1 and the filter 
apparatus 10 can be arranged to pass inside or outside the pressure 
housing 6. The turbocompressor 1 in accordance with the embodiment 
which is illustrated in Fig. 2 has the advantage that no sealing of the 
motor shaft 2a or, respectively, of the rotor 3a against the atmosphere is 
required, In addition no seal between the motor 2 and the first 
compressor stage 3c is required. In this the electric motor 2 is to be 
designed in such a manner that the latter can be operated with suction 
pressure or with standstill pressure. 

The turbocompressor 1 could naturally have a plurality of impellers 3b 
which are arranged with spacing in the longitudinal direction of the^ 
rotor 3a, thus for example a total of four, six, eight or ten impellers 3b. 
The compressor pressure which can be achieved is largely open 
upwardly, vdth it being possible to achieve for example a compression 
pressure of 600 bar through a corresponding number of impellers 3b 
which are connected in series. The turbocompressor 1 could also . 
comprise one or more further radial turbocompressors 3 and/or electric 
motors 2 which are arranged in the longitudinal direction of the rotor 
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2b;3a, with all rotors 3a; 2b forming a common shaft. This common 
shaft could be joumalled by radial bearings, in particular magnetic 
radial bearings 5, with a single radial bearing 5 preferably being 
arranged between each one radial turbocompressor 3. All radial 
turbocompressors 3 are preferably arranged together with the electric 
motor 2 or the electric motors 2 in a single common pressure housing 6. 

The electromagnetic radial bearings 5 and the sections of the shafts 2a 
and 3a which are associated with the radial bearings 5 have flirther 
components for the design of an electromagnetic radial bearing 5, which 
are self evident for an expert and are therefore not illustrated, such as 
electric coils, ferromagnetic parts etc. The same holds for the electric 
motor 2, which is likewise only schematically illustrated, 

Fig« 3 shows a longitudinal section of a further exemplary embodiment 
of a turbocompressor 1 comprising two radial turbocompressors 3, 
wherein at each side of the electric motor 2 one respective radial 
turbocompressor 3 is arranged, the rotor 3a of which being connected 
via a coupling 4 to the motor shaft 2a. Only the upper half of the 
turbocompressor 1 is illustrated. Only the essential differences with 
respect to the embodiment in accordance with Fig. 2 will be described in 
detail. The entire shaft, comprising the motor shaft 2a and the two 
rotors 3a, is joumalled by four electromagnetic radial bearings 5 which 
are distributedly arranged in the longitudinal direction of the entire 
shaft. The radial turbocompressor 3 which is arranged at the left is 
connected up as low pressure part and has sfac impellers 3b. The radial 
turbocompressor 3 which is arranged at the right is connected up as 
high pressure part and has five Impellers 3b, Likewise illustrated are 
the guide vanes 3f. The main mass flow 8 enters via the infeed line 6c 
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into the low pressure part and is fed to the high pressure part alter the 
compressing via a connection Une 12, with the main mass flow 8 leaving 
the high pressure part after the compressing via the outlet line 6d. A 
small portion of the main mass flow 8 is conducted after the first 
compressor stage 3c as coolant gas mass flow 9 into the connection line 
1 1, wherein said coolant gas mass flow 9 being supplied after flowing 
through the^^^^^o the inner space 9c arranged at the right side of 
the electric motor 2, and then, flowing in the longitudinal direction of 
the motor shaft 2a, via the inner space 9b to the suction opening of the 
first compressor stage 3c. Thus a portion of the process gas which is 
located in the radiiad turbocompressor 3 is conducted off to and used for 
the cooling of the electric motor 2. 

A contactless seal 19 is arranged at the rotor 3a between the radial 
turbocompressor 3 which is arranged at the right and the electric motor 
2 in order to keep the inner pressure at the right side of the electric 
motor 2 correspondingly low. The electric motor 2 in turn is designed to 
be operatable at a suction pressure or a standstill pressure. The 
connection line 12 and/or the connection line 1 1 as well as the filter 
apparatus 10 could be arranged to extend completely inside the housing 

The radial turbocompressors 3 can also for example be arranged in a 
"back to back* arrangement, in other words such that the forces which 
act on. the shaft due to the two radial turbocompressors 3 act in the 
opposite direction in order in this way to compensate and reduce the 
thrust forces which act in the longitudinal direction of the motor shaft 
2a. 

The housing 6 is composed in the embodiments in accordance with 
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Figs. 3 and 4 of the three partial housings 6e» 6f» 6g» with the partial 
housings 6e, 6g forming part of the radial turbocompressor 3 and the 
partial housing 6f forming part of the electric motor 2. The partial 
housings 6e, 6f, 6g are designed to be mutually matched in such a 
manner that they can be firmly connected to one another, for example 
by means of screws, as illustrated in Figs. 3 and 4. Seals can also be 
arranged at these Joints in order to hermetically seal off the inner space 
of the housing 6 so that a fluid conducting connection between the 
inner space of the housing 6 and the ambient exists only via the 
provided lines 6C| 6d, 11, 12, or via corresponding flanges, with a fluid 
conducting connection to the ambient existing only through the lines 
6c, 6d and where appropriate through the outlet line 6i as a result of 
the arrangement of the lines 1 1 and 12 illustrated in Figs. 3 and 4. The 
connection points could moreover be so mutually adapted and designed 
that adjacently disposed part housings are automatically mutually 
centered with respect to the longitudinal axis of the turbocompressor 1 
on being pushed together and connected. The two part housings 6e, 6g 
each have an opening 23a in the outer wall which can be closed in gas- 
tight manner by a cover 23b. In Fig. 3 the opening 23a arranged in the 
part housing 6g is shown with the cover 23b, The turbocompressor 1 is 
preferably pre-manufactured in such a way that the radial 
turbocompressor 3 is built into the respective part housing 6e^ 6g and 
the electric motor 2 is buflt into the part housing 6f. The part housings 
6e, 6f, 6g which have been pre^configured in this way are transported in . 
the assembled state to the place of use. The assembly of a 
turbocompressor 1 is as follows: After the part housings 6e, 6f, 6g have 
been ilrmly connected to one another via the flanges 6k, 61, the shaft 3a 
and the rotor 2b are firmly connected together at the coupling 4 which 
is accessible from the outside through the opening 23a, Thereafter, the 
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opening 23a is closed firmly and in gas-tight manner with the cover 
23b. The fastening means used at the coupling 4» such as for example 
bolts, are known per se and thus not shown in detail 

The turbocompressor 1 illustrated in Fig. 4, which is otherwise designed 
substantially the same as the turbocompressor in accordance with Fig. 
3 has, in the housing part Ge, an outlet opening 6h connected in fluid 
conducting manner to the inner space 9b and an output line 6i which is 
arranged following the latter and through which the coolant gas mass 
flow 9 and a small proportion of the main mass flow 9a emei-ges and is, 
for example, conducted to a process source which is external to the 
plant. This arrangement has the advantage, in contrast to the 
exemplaiy embodiment in accordance with Fig. 3, that the pressure in 
the apparatus which follows the output line 6i is independent of the 
pressure in the radial turbocompressor 3, with this pressure preferably 
being chosen in such a manner that the motor cooling takes place at a 
lower pressure level than in the embodiment in accordance with Fig. 3, 
which has the advantage that the dissipation losses in the motor 2 
which arise between the rotating and the static parts is reduced. A seal 
19 is arranged at each side between the motor 2 and the radial 
turbocompressor 3. The output line 6i can for example be supplied to a 
compressor 24 which supplies the mass flow 9, 9a, compressed again to 
the inlet opening 6a. The suction pressure produced by the compressor 
in the output line 61 can for example be lower than 50 bar. 

In addition a regulation apparatus 17 is illustrated in Fig. 4 which 
serves at least for the control of the electromagnetic radial bearings 5 
and of the motor 2. Sensors 16a, 16b, 16c, 16d which measure the 
position of the entire shaft 13 or, respectively, of the partial shafts 2a, 
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3a relative to the radial bearings 5 are arranged in the region of the 
radial bearings 5, with the sensors 16a, 16b, 16c, 16d being connected 
via electric lines 16e, 16f, 16g, 16h to the regulation apparatus 17, 
Electric lines 15a, 15b, 15c, 15d which are connected to the regulation 
apparatus 17 are provided for controlling the magnetic coils of the 
radial bearings 5. In addition an electric line 15e is provided which 
connects the regulation apparatus 17 to the winding of the electric 
motor 2 via a non-illustrated power electronic circuitiy. 

Fig. 5 shows a longitudinal section through a housing 6, with the joint 
of two partial housings 6e, 6f being illustrated. The flange 6k of the first 
partial housing 6e has a recess which is designed in such a manner 
that the flange 61 of the second partial housing 6f finds an 
accommodation therein, with the mutual position of the two partial 
housings 6e, 6f being mutually centered by the flanges 6k, 61 during the 
fitting together. The flanges 6k, 61 are held together by a plurality of 
screws 6m with nuts 6n which are distributedly arranged in the 
circumferential direction, with a grove being provided at the end side of 
the flanges 6k, 61 which extends in the circumferential direction and in 
which a sealing element 6o is arranged in order to seal off* the inner 
space which is bounded by the two partial housings 6e, 6f against the 
outside. 

Fig. 6 shows a longitudinal section of a schematicaUy illustrated 
housing 6 consisting of three partial housings 6e, 6f, 6g with flanges 6k, 
61 as well as an input line 6c and an output line 6d. The housing 6 is 
supported via two support elements 18a, 18b on a base 14. Inside the 
housing a base element 6p is arranged which forms a stifl* support, in 
particular a support surface, which extends in the longitudinal direction 
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of the housing 6 and on which the electrical radial bearings 5 are 
arranged. The function of the base element 6p is to form as stable and 
preferabty temperature insensitive a reference plane as possible on 
which at least some radial bearings 5 are arranged. The base element 
6p can be designed in a plurality of embodiments, thus for example as a 
fixed, solid plate, as a carrier or as a grate. Further components such as 
the electric motor 2 or the radial turbocompressor 3 can be anchored on 
the base element 6p. The use of a base element 6p enables the 
electromagnetic radial bearings S to be mutually arranged very precisely 
and in particular exactly aligned to each other. The common 
arrangement of the radial bearings 5 on the base element 6p has the 
advantage that the mutual displacements of the radial bearings which 
are caused by reason of acting tension, compression or shear forces or 
through temperature influences remain small. In addition this 
arrangement can be set up so as to be ready for operation very rapidly. 
In the arrangement which is known from Fig. 1 it was necessary to set 
up the two separate apparatuses electric motor 2 and radial 
turbocompressor 3 separately and to align them very precisely in a time 
consuming procedure in order that the shafts 2a, 3a are arranged to be 
aligned. In spite of this effort the electric motor 2 and/or the radial 
turbocompressor 3 or, respectively, their radial bearings 5, can become 
mutually displaced, caused for example by acting forces, a displacement 
of the foundation or changes in temperature. 

The bearing force which can be produced' by electromagnetic radial 
bearings is substantially lower than the bearing force which can be 
produced known, hydrodynamic bearings. Therefore, the precise 
mutual alignment of the electromagnetic radial bearings and the 
prevention of a mutual displacement of the radial bearings is of central 
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importance. The electromagnetic radial bearing is usually operated in 
such a manner that the shaft is held at the geometrical center of the 
radial bearing. A mutual displacement of the radial bearings has the 
result that the radial bearing must exert a considerable force in order 
nevertheless to hold the shaft at the geometrical center. Since the 
electromagnetic radial bearing relatively soon arrives at the state of a 
magnetic saturation* the radial bearing in this situation provides a 
lower load available for bearing the.shaft. This effect reduces the 
operating safety of the turbocompressor, with the electromagnetic radial 
bearing no longer being able to carry the shaft in the extreme case. 
Therefore, it is of central importance when using electromagnetic radial 
bearings that the latter are arranged to be aligned as precisely as 
possible, and that they are arranged in such a manner that a mutual 
displacement of the radial bearings is also prevented as far as possible 
during the operation of the turbocompressor. Therefore it is also 
advantageous when the electromagnetic radial bearings have a greater 
mutual distance in the longitudinal direction of the common shaft 13. 
In the known embodiment in accordance with Fig. l .the two radial 
bearings 5 in the middle have a relatively low mutual distance so that in 
the event of a mutual displacement of these two radial bearings 5 in the 
middle the problem can arise that the latter produce forces which act 
counter to one another in the radial direction, which has the effect that 
the load of the electromagnetic radial bearing which remains available 
for bearing is lower or is even no longer available. 

Pig. 7 shows a turbocompressor 1 with a separately cooled electric 
motor 2 in comparison with the embodiment in accordance with Fig. 4. 
In this embodiment one system each having a double seal, comprising a 
diy gas seal 19 and a seal 20 after it, is arranged lietween the pressure 
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part of the radial turbocomprcssor 3 and the electric motor 2, with an 
outlet 21 being arranged between the two seals 19, 20 which is 
designed as a vent (discharge to the atmosphere without gas 
combustion) or a flare (dischange to the atmosphere with gas 
combustion) and which extends through the housing 6. The electric 
motor 2 has a separate coolant circuit which is separated from the 
radial turbocomprcssor 3 by the seals 19, 20 and which comprises a 
connection line 1 1 and a cooler 22. The coolant gas mass flow 9 which 
cools the electric motor 2 flows between the stator 2c and the armature 
2b in the longitudinal directioni is conducted near the one end (9b) of 
the electric motor 2 out of the housing 6 into the connection line 1 1 and 
is conducted after flowing through the cooler 22 and the following 
connection line 1 1 into the housing 6 at the other end 9c of the electric 
motor 2. Not illustrated are further components of this circulation, such 
as an apparatus which drives the coolant gas. An infeed line 9d 
supplies in additional coolant gas in order, for example, to compensate 
the coolant gas components which flow out via the output line 2 L A 
non aggressive gas such as nitrogen is suitable as a coolant gas. The 
arrangement in accordaOnce with Fig. 7 is for example advantageous 
when no process gas is available at a low pressure level for cooling the 
electric motor 2 or when the process gas has aggressive properties or is 
contaminated, e.g. by liquid gas impurities, so that these could for 
example damage parts of the electric motor 2 such as the shaft 2a or 
the electrical insulation. The coolant circulation of the electric motor 2 
can be designed in such a manner that the. latter has a pressure in the 
range of the atmospheric pressure or slightly above it. As illustrated in 
Fig. 7 the coolant circuit can be designed in such a manner that a low 
proportion of the coolant gas mass flow 9 arrives at the outlet 2 1 via the 
seal 20. Thereby, it remains ensured that the coolant gas mass flow 9 is 
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not contaminated by foreign gases. In the exemplary embodiment in 
accordance with Fig. 7 a small proportion of the process gas 8 flows in 
addition via the seal 19 to the outlet 21, A so-called flair or vent can be 
placed after the outlet 2 1 in order to lead off the gases which emerge 
from the outlet 21 unbumed (vent) or to lead them off via a following 
combustion (flare), in particular to the surroundings. 

An advantage of the exemplaiy embodiment in accordance with Pig. 7 is 
to be seen in that the coolant gas mass flow 9 has a low pressure 
and/or that a gas which is favorable or can be handled without 
problem, in particular a gas without aggressive properties, can be used 
as a coolant gas. 

An advantage of the turbocompressor 1 of the invention is to be seen in 
the fact that the electric motor 2 and the radial turbocompressor 3 can 
be pre-assembled together with the corresponding housing parts 6e i 6f, 
so that the turbocompressor 1 can be transported as a housing 6 or as 
a unit to the place of erection and can be erected there. 

The lines 1 1, 12 which extend outside of the housing 6 in the Figs. 3, 4 
and 7 and also the associated components 22 can also be arranged 
extending within the housing 6 in a further embodiment. 
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Patent Claims: 

1. Turbocompressor ( 1) comprising an outwardly gas-tight housing 
(6) within which an electric motor (2) and also a multistage radial 
turbocompressor (3) are arranged on a common shaft (13) 
wherein, for the joumalling of the shaft (13), electromagnetic 
radial bearings (5) are arranged spaced apart in the direction of 
its extent and wherein a gas seal (19) surrounding the shaft (13) 
is arranged between the electric motor (2) and the radial 
turbocompressor (3) in order to seal off the electric motor (2) with 
respect to the radial turbocompressor (3), characterised in that 
the electric motor (2) has an inner space (9b, 9c) which is 
connected in fluid conducting manner to an outlet opening (6h; 
21) which passes through the housing. 

2. Turbocompressor (1) in accordance with claim I, characterised in 
that the inner space (9b, 9c) surrounds the gap of the electric mo- 
tor (2) which is formed between the stator (2c) and the rotor (2b). 

3. Turbocompressor (1) in accordance with any one of the preceding 
claims, characterised in that a respective radial turbocompressor 
(3) is arranged on both sides of the electric motor (2). 

4. Turbocompressor (1) in accordance with any one of the preceding 
claims, characterised in that the inner space (9b) of the one end 
section of the electric motor (2) is fluid conductingly connected to 
a compressor stage and in that the inner space (9c) of the other 
end section is fluid conductingly connected to the outlet opening 
(21). 
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5. Turbocompressor (1) in accordance with any one of the claims 1 
to 3, characterised in that both end sections of the electric motor 
(2) each have an inner space (9b, 9c) which are so connected in 
fluid conducting manner via a connection line (1 1) that a closed 
fluid circuit (9) is formed via the gap of the electric motor (2) and 
the connection line (11). 

6. Turbocompressor (1) in accordance with claim 5, characterised in 
that the closed fluid circuit (9) includes a cooler (22). 

7. Turbocompressor (1) in accordance with any one of the claims 5 
or 6, characterised in that a seal (20) is arranged on the shaft (13) 
between the inner space (9b, 9c) of the end section of the electric 
motor (2) and the outlet opening (21). 

8. Turbocompressor (1) in accordance with any one of the claims 5 
to 7 , characterised in that the closed circuit (9) is connected in 
fluid conducting manner to a supply line (9d) in order to supply a 
separate fluid, in particular nitrogen, to the circuit (9). 

9. Turbocompressor (1) in accordance with any one of the preceding 
claims, characterised in that the outlet opening (2 1 opens into a 
flare or vent or is connected in fluid conducting manner to the 

. suction side of a compressor (24). 



10. Plant comprising a turbocompressor in accordance vrith any one 
of the preceding claims. 

Fetherstonhaugh & Co. * 
Ottawa, Canada . 
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